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Description
TECHNICAL FIELD

[0001] The invention relates to a liner for a filter sub-
assembly.

BACKGROUND

[0002] Filter assemblies are known for removing con-
taminant particles from lubricating oil circuits of internal
combustion engines. They are also known for separating
particulate matter from liquids, as well as separating lig-
uids of different densities from one another, in a variety
of industrial processes. Typically, a filter assembly com-
prises a housing having a rotor supported therein to spin
about a spindle, the spindle providing an axis of rotation.
A working fluid from which a contaminant is to be re-
moved, e.g. engine oil, is supplied at elevated pressure
along the axis of rotation to the rotor. Subsequently, the
pressurised fluid is tangentially ejected from the rotor
such that the rotor is caused to spin. As the working fluid
flows through the spinning rotor, denser contaminants or
particles are separated therefrom by centrifugal force and
retained in the rotor, typically as a cake adhering to an
interior surface of the rotor. Ejected fluid usually drains
to a sump.

[0003] As retained contaminant particles agglomerate
in the rotor, it is necessary to replace or service the rotor
at suitably regular intervals, to ensure the continued
cleaning efficacy of the filter assembly. Insertable liners
are often used to line the interior surface of the rotor, to
aid cleaning in that contaminant particles become caked
onto the insert, which is removable, and disposable, in-
stead of the interior surface. However, such liners may
stick to the interior surface of the rotor, making their re-
moval difficult and/or time consuming. Contaminant par-
ticles that do not form a cake on the liner may be left
within the rotor upon removal of the liner. It may also be
necessary to maintain a stock of the liners, which requires
maintaining adequate storage space. It is an object of
embodiments of the invention to at least reduce a prob-
lem associated with one or more known arrangements.

SUMMARY OF THE INVENTION

[0004] Accordingtoafirstaspectoftheinvention, there
is provided liner for a filter sub-assembly, the liner com-
prising: a wall having an outermost surface and an inner-
most surface, the innermost surface being configured to
bound a cavity extending between opposing first and sec-
ond ends of the liner, wherein a portion of the outermost
surface is textured. The liner may improve the ease of
servicing and/or cleaning a filter assembly. Particularly,
the liner may improve the ease of removing the liner from
a rotor body.

[0005] In certain embodiments, the portion of the out-
ermost surface may be textured in that the portion com-
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prises a plurality of spaced apart protrusions. The plural-
ity spaced apart protrusions may be arranged in aregular
pattern. A plurality of the spaced apart protrusions may
comprise a plurality bumps, ridges and/or ribs. One or
more of the plurality of spaced apart protrusions may
extend from the remainder of the outermost surface by
0.5 mm to 5.0 mm. One or more of the plurality of spaced
apart protrusions may extend from the remainder of the
outermost surface by 1.0 mm to 3.5 mm.

[0006] Additionally, or alternatively, the portion of the
outermost surface may be textured in that the portion
comprises a plurality of spaced apart indentations. The
plurality spaced apart indentations may be arranged in
a regular pattern.

[0007] The textured portion of the outermost surface
may be circumferentially continuous. The wall may be
formed as a monolithic tubular sleeve. The wall may be
formed of or comprise a resiliently deformable material.
The wall may be formed of or comprise silicone. The wall
may be formed of or comprise a fibre reinforced polymer.
The fibre reinforced polymer may include a first plurality
of fibres orientated to extend circumferentially along the
wall. Additionally, or alternatively, the fibre reinforced pol-
ymer may include a second plurality of fibres orientated
to extend at least partially between the first and second
ends.

[0008] Optionally, the wall may have a deflected por-
tion configured to extend into the cavity and delimit an
opening. At least the deflected portion of the wall may be
substantially rigid. The deflected portion of the wall may
form an acute angle with the remainder of the wall. The
lineris taperedinthat a width of the liner reduces between
the first and second ends.

[0009] According to a further aspect of the invention,
there is provided a filter sub-assembly comprising: a ro-
tary vessel having a rotor body and closure member sep-
arably attachable to the rotor body; and a liner according
to any preceding claim, wherein the liner is receivable
within the rotor body to line an inner surface thereof.
[0010] In certain embodiments, the closure member
may be separably attachable to the rotor body by inser-
tion of the closure member into an open end of the rotor
body. The closure member may be sealable against the
rotor body by the liner. The liner may be removable from
the rotor body by, i.e. as a direct consequence of, sepa-
ration of the closure member from the rotor body. The
liner may comprise a retention member to facilitate sep-
arable attachment of the liner to the closure member.
[0011] According to a further aspect of the invention,
there is provided a filter sub-assembly comprising: a ro-
tary vessel having a rotor body and closure member sep-
arably attachable to the rotor body; and a liner receivable
within the rotor body to line an inner surface thereof, the
liner being removable from the rotor body by separation
of the closure member from the rotor body.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Embodiments of the invention will now be de-
scribed, by way of example only, with reference to the
accompanying figures, in which:

Figure 1 is a cross-sectional view of a filter sub-as-
sembly according to an embodiment of the invention,
in which the sub-assembly is shown having a liner
received in a rotor body;

Figure 2 is a perspective view of the liner of Figure
1, in which the liner is shown in isolation;

Figure 3 is a perspective view of the sub-assembly
of Figure 1, in which the liner is shown upon removal
from the rotor body; and

Figure 4 is an enlarged region of Figure 1, to clearly
show features allowing separable attachment of the
liner to a closure member of the sub-assembly.

DETAILED DESCRIPTION

[0013] Figure 1 shows afilter sub-assembly 10 accord-
ing to an embodiment of the invention. The sub-assembly
10 may have particular application in a motor vehicle,
e.g. for cleaning engine oil in an engine lubrication sys-
tem. However, other applications are contemplated, e.g.
oil recovery. The sub-assembly 10 comprises a rotary
vessel 12 having a rotor body 14 and closure member
16. The closure member 16 is separably attachable to
the rotor body 14. The sub-assembly 10 further compris-
es a liner 18 that is receivable within the rotor body 14
for lining an inner surface 20 thereof. As shown in the
illustrated embodiment, the liner 18 may be receivable
within the rotor body 14 through an open end 22 of the
rotor body 14. As the skilled reader will understand, the
closure member 16 is separably attachable to the rotor
body 14 to allow for insertion and/or removal of the liner
18 into/from the rotor body 14. The liner 18 may be re-
usable or intended for single use.

[0014] Theliner 18 (best shown in Figure 2) comprises
a wall 24 having an innermost surface 26 and an outer-
most surface 28. The innermost surface 26 is configured
to bound, i.e. surround or delimit, a cavity 30 that extends
between opposing first and second ends 32, 34 of the
liner 18. Of course, in use, the cavity 30 is within the rotor
body 14. Each of the first and second ends 32, 34 may
be substantially open ends of the liner 18. Crucially, a
portion of the outermost surface 28 is textured, i.e. the
outermost surface 28 is not smooth. As shown in the
illustrated embodiment, the liner 18 may be a monolithic,
i.e. one-piece, tubular sleeve. As such, the wall 24 may
be circumferentially continuous. However, in certain em-
bodiments, the wall 24 is wrappable, having opposing
edges (not shown) extending between the first and sec-
ond ends 32, 34 such that the edges are wrappable in
overlapping relation to one another to bound the cavity
30. The liner 18 may comprise a resiliently deformable,
i.e. resilient or elastically deformable, material, e.g. sili-
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cone. However, other materials are contemplated, e.g.
fibre reinforced polymers, in which fibres, may be orien-
tated to extend circumferentially along the wall 24, i.e.
parallel to the first and second ends 32, 34, to maximise
a hoop strength of the wall 24, at least partially between
the first and second ends 32, 34, to increase an axial
strength of the wall 24. In certain embodiments, the fibres
may be orientated to extend at least substantially exclu-
sively circumferentially along the wall 24.

[0015] The outermost surface 28 may be textured in
that it comprises a plurality of spaced apart protrusions
36. The protrusions 36 may be of any suitable configu-
ration, e.g. comprising bumps, ribs, ridges or a mixture
thereof. The protrusions 36, or a subset thereof, may be
arranged in aregular, i.e. repeating, pattern over the tex-
tured portion of the outermost surface 28. However, the
protrusions 36, or a subset thereof, may be arranged in
an irregular pattern. The outermost surface 28 may limit
an area of the wall 24 that is contactable with the inner
surface 20 of the rotor body 14. As such, the outermost
surface 28 may provide one or more voids, e.g. air gaps,
between the wall 24 and inner surface of the rotor body
14. In use, the outermost surface 28 may inhibit a fric-
tional force occurring between the liner 18 and the inner
surface 20 of the rotor body 14 and/or inhibit the liner 18
adhering to the inner surface 20, to improve the ease of
which the liner 18 is removed from within the rotor 14.
As shown in the illustrated embodiment, the portion of
the outermost surface 28 that is textured may be sub-
stantially all of the outmost surface 28. However, the por-
tion may extend only partially between the opposing first
and second ends 32, 34 and/or may extend only partially
along, e.g. circumferentially along, the wall 24.

[0016] Each ofthe protrusions 36 may extend between
at least 0.5 mm and up to 5.0 mm from the remainder of
the outermost surface 28. In certain embodiments, each
of the protrusions 36 may extend between at least 1.0
mm and up to 3.5 mmfrom the remainder of the outermost
surface 28. In certain embodiments, each the protrusions
36 may extend 3 mm from the remainder of the outermost
surface 28. In the illustrated embodiment, each of the
protrusions 36 extend from the remainder of the outer-
most surface 28 by 2 mm and have a diameter, or width,
of 6.5 mm.

[0017] In certain embodiments, the outermost surface
28 may be textured in that it comprises a plurality of
spaced apart indentations, which may be in addition to,
or substitution of, the protrusions 36. As the skilled reader
will understand, such indentations may be arranged in
the same manner as described above with reference to
the protrusions 36, to the same or similar effect.

[0018] Theliner 18 may be separably attachable to clo-
sure member 16. Thus, in certain embodiments, the wall
24 may comprise an edge margin 38 proximate the first
end 32 configured to separably attach the liner 18 to the
closure member 16. To this end, the edge margin 38 may
comprise a groove ("retention member") 40 extending
along the wall 24 substantially parallel to the first end 32
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(best shown in Figure 4). The groove 40 may be com-
plementary to a ridge 42 extending around a periphery
of the closure member 16. Consequently, the liner 18
may be stretchable over the closure member 16 such
that ridge 42 is receivable within the groove 40. Separa-
tion of the closure member 16 from the liner 18 may be
inhibited by an inherent resilience of the liner 18 exerting
a gripping force, e.g. a radially inward force, acting on
the periphery of the closure member 16 and/or engage-
ment of the ridge 42 within the groove 40. In certain em-
bodiments, the rotor body 14 may comprise the groove
40 and the liner 18 may comprise the ridge 42. The edge
margin 38 may have a thickness that is greater than a
thickness of the remainder the wall 24. In certain embod-
iments, the edge margin 38 and/or the closure member
16 may be otherwise separably attachable to one anoth-
er, e.g. the edge margin 38 and the closure member 16
may comprise complementary portions of a plurality of
snap fasteners (not shown). Indeed, the skilled reader
will understand that the edge margin 38 may comprise
any suitable retention member to effect separable attach-
ment of the liner 18 to the closure member 16. The sep-
arable attachment of the liner 18 to the closure member
16 may facilitate the removal of the liner from within the
rotor body 14, as the liner 18 may be removable from
within the rotor body 14 by separation of the closure mem-
ber 16 from the rotor body 14. Figure 3 shows the liner
18 removed from the rotor body 14 by separation of the
closure member 16 from the rotor body 14.

[0019] The liner 18 may be tapered. More specifically,
the liner 18 may be tapered in that a width of the liner 18
reduces between the first and the second ends 32, 34.
The width may be measurable between opposing, e.g.
diametrically opposing, points of the outermost surface
28 at intervals extending between the first and second
ends 32, 34. In certain embodiments, the width may re-
duce substantially linearly.

[0020] Asshownintheillustrated embodiment, the clo-
sure member 16 may be separably attachable to the rotor
body 14 by insertion of the closure member 16 into the
open end 22 of the rotor body 14. Additionally, or alter-
natively, the closure member 16 may be frictionally en-
gageable with the open end 22 to inhibit separation of
the closure member 16 from the rotor body 14, i.e. the
closure member 16 may achieve a friction fit with the
open end 22. The closure member 16 may be fluidly seal-
able against the rotor body 14 by a resilient seal 44 ex-
tending along an outer periphery of the closure member
16. Thus, together, the rotor body 14 and the closure
member 16 may form a sealable volume. In certain em-
bodiments, the resilient seal 44 may be a conventional
elastomeric O-ring seal. However, in certain embodi-
ments, the liner 18 may fluidly seal the closure member
16 against the rotor body 14, in the absence of the resil-
ient seal 44 or together therewith. The liner 18 may fluidly
seal the closure member 16 against the rotor body 14 in
that the liner 18 may be capturable between the closure
member 16 and the rotor body 14. As such, the liner 18
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may be compressible to fluidly seal the closure member
16 against the rotor body 14. By using the liner 18 to
fluidly seal the closure member 16 against the rotor body
14, a sealing arrangement may be provided that may be
more reliably cleaned at service intervals.

[0021] As is conventional, the sub-assembly 10 may
further comprise a fluid supply duct 50 extending through
the rotor body 14 to supply the rotor body 14 with a work-
ing fluid, i.e. a fluid to cleaned/filtered. The working fluid
may be engine oil. As shown in the illustrated embodi-
ment, the fluid supply duct 50 may be a bore formed in
abearingtube 52. The bearing tube 52 may be mountable
upon a spindle, about which the rotary vessel 12 is ro-
tatable. The rotor body 14 may be fluidly connectable to
the fluid supply duct 50 by one or more through bores 54
provided in the bearing tube 52. In use, the working fluid
may be supplied to the supply duct 50 at elevated pres-
sure to flow from the through bores 54 into the rotor body
16 and thus into the cavity 30.

[0022] The rotary vessel 12 may be self-powerable,
i.e. a pressurised supply of working fluid to the rotor body
14 may drive rotation of the rotary vessel 12. To this end,
the rotor body 14 may comprise a pair of diametrically
opposed nozzles 56 at a radial distance from the bearing
tube 52 (only one of the nozzles 56 is visible in the cross-
sectional view shown in Figure 1). As the skilled reader
will understand, other configurations of the nozzles 56
may be possible, e.g. the rotor body 14 may comprise
three or more of the nozzles 56. Each of the nozzles 56
is configured to eject working fluid from the rotor body 14
in a direction generally tangential to the rotor body 14.
As the skilled reader will understand, the tangential emis-
sion of pressurised working fluid generates a reactive
force that may cause rotation of the rotor body 14 relative
to a base 70 (see Figure 3), upon which the bearing tube
52 may be mountable.

[0023] In use, as working fluid flows through the rotor
body 14, and thus through the cavity 30, centrifugal force
causes separation of contaminant material within the
working fluid. Separated contaminant material may ac-
cumulate within the cavity 30, primarily as a cake adher-
ing to the innermost surface 26 of the liner 18. Fluid exiting
the rotor body 14, through the nozzles 56, may drain to
a sump. As contaminant accumulates within the cavity
30, i.e. within the liner 18, the rotary vessel 12 must be
serviced to empty the liner 18 of the accumulated sepa-
rated contaminant particulate matter. The frequency of
servicing will vary depending on the embodiment, the
operating environment and the number of operating
hours. To service the rotary vessel 12, the closure mem-
ber 16 is separated from the rotor body 14. In certain
embodiments, separation of the closure member 16 from
the rotor body 14 will expose the liner 18 within the rotor
body 14. Consequently, the liner 18 is removable from
the rotor body 14, along with the separated contaminant
particulate matter contained therein. Alternatively, as de-
scribed above, the liner 18 may be removable from within
the rotor body 14 by separation of the closure member
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16 from the rotor body 14. The liner 18 may be washed
or otherwise suitably cleaned, before returning the liner
18 to the rotor body 14. Flexion of the liner 18 may facil-
itate the removal of separated contaminant particulate
adhered to the innermost surface 26.

[0024] The sub-assembly 10 may further comprise a
divider 58, which the skilled reader will understand may
be termed a "separation cone". The divider 58 may be
substantially rigid. The divider 58 may be receivable with-
in the rotor body 14 to in part delimit upper and lower
chambers 60, 62 of the rotor body 14, the upper and
lower chambers 60, 62 being on opposing sides of the
divider 52. Consequently, the liner 18 may line the inner
surface 20 of the rotor body 14 within the upper chamber
60. The divider 58 may comprise a first opening 64 to
fluidly connect the upper and lower chambers 60, 62 to
one another. In use, the working fluid may flow into the
upper chamber 60, before flowing through the first open-
ing 64 downwardly, into the lower chamber 62. The first
opening 64 may surround the bearing tube 52. The di-
vider 58 may serve to direct flow of the working fluid within
the upper chamber 62 from a downward direction adja-
cent the inner surface 20 back upward and towards the
first opening 64. To this end, the divider 58 may be frus-
toconical. The divider 58 may slow the rate of flow of the
working fluid within the rotor body 14 to enhance sepa-
ration of particulate matter and/or may inhibit accumulat-
ed particulate matter from descending into the lower
chamber 62 to potentially clog, i.e. block, the nozzles 56.
[0025] The liner 18 may additionally line the divider 58.
To this end, the wall 24 may comprise a deflected portion
66 configured to extend into the cavity 30 and delimit a
second opening 68. As such, the second end 34 of the
liner 18 may be partially closed. In use, the second open-
ing 68 may align with the first opening 64, to allow flow
of the working fluid from the upper chamber 60 to the
lower chamber 62. The deflected portion 66 may extend
into the cavity 36 at an acute angle relative to the remain-
der of the wall 30. Thus, as shown in the illustrated em-
bodiment, the deflected portion 66 of the wall 30 may be
frustoconical, i.e. be shaped to match a profile of the di-
vider 58. As shown in the illustrated embodiment, the
liner 18 may facilitate correct positioning of the divider
58 and/or may hold he divider 58 in a correct position. In
certain embodiments, the deflected portion 66 may pro-
vide the divider 58, i.e. the divider 58 may be an integral
part of the liner 18. Alternatively, the divider 58 may be
coupled to the liner 18, e.g. if each of the liner 18 and the
divider 58 are manufactured as separate parts. The di-
vider 58 may provide a base of the liner 18 and/or may
be encapsulated within the wall 24.

[0026] The invention is not restricted to the details of
any foregoing embodiments. The invention extends to
any novel one, or any novel combination, of the features
disclosed in this specification (including the accompany-
ing claims and drawings) or to any novel one, or any
novel combination, of the steps of any method or process
sodisclosed. The claims should not be construed to cover
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merely the foregoing embodiments, but also any embod-
iments which fall within the scope of the claims.

[0027] All of the features disclosed in this specification
(including the accompanying claims and drawings)
and/or all of the steps of any method or process so dis-
closed, may be combined in any combination, except
combinations where at least some of such features
and/or steps are mutually exclusive.

[0028] Each feature disclosed in this specification (in-
cluding the accompanying claims and drawings), may be
replaced by alternative features serving the same, equiv-
alent or similar purpose, unless expressly stated other-
wise. Thus, unless expressly stated otherwise, each fea-
ture disclosed is one example only of a generic series of
equivalent or similar features.

Claims

1. Alinerfor afilter sub-assembly, the liner comprising:
awall having an outermost surface and an innermost
surface, the innermost surface being configured to
bound a cavity extending between opposing firstand
second ends of the liner, wherein a portion of the
outermost surface is textured.

2. A liner according to claim 1, wherein the portion of
the outermost surface is textured in that the portion
comprises a plurality of spaced apart protrusions.

3. A liner according to claim 2, wherein a plurality of
the spaced apart protrusions comprises a plurality
bumps, ridges and/or ribs.

4. Alineraccording to any of claims 2 to 3, wherein one
or more of the plurality of spaced apart protrusions
extends from the remainder of the outermost surface
by 0.5 mm to 5.0 mm, preferably by 1.0 mm to 3.5
mm.

5. A liner according to claim any preceding claim,
wherein the portion of the outermost surface is tex-
tured in that the portion comprises a plurality of
spaced apart indentations.

6. A liner according to claim any preceding claim,
wherein the textured portion of the outermost surface
is circumferentially continuous.

7. A liner according to any preceding claim, wherein
the wall is formed as a monolithic tubular sleeve.

8. A liner according to any preceding claim, wherein
the wall is formed of or comprises a resiliently de-
formable material, preferably silicone.

9. A liner according to any preceding claim, wherein
the wall is formed of or comprises a fibre reinforced
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polymer.

A liner according to claim 9, wherein the fibre rein-
forced polymer includes a first plurality of fibres ori-
entated to extend circumferentially along the wall.

A liner according to claim 9 or 10, wherein the fibre
reinforced polymer includes a second plurality of fi-
bres orientated to extend at least partially between
the first and second ends.

A liner according to any preceding claim, wherein
the wall has a deflected portion configured to extend
into the cavity and delimit an opening the deflected
portion being substantially rigid.

A liner according to claim 12, wherein the deflected
portion of the wall forms an acute angle with the re-
mainder of the wall.

A liner according to any preceeding claim, wherein
the lineris tapered in that a width of the liner reduces
between the first and second ends.

A filter sub-assembly comprising:

a rotary vessel having a rotor body and closure
member separably attachable to the rotor body;
and

a liner according to any preceding claim, where-
in the liner is receivable within the rotor body to
line an inner surface thereof.

A filter assembly according to claim 15, wherein the
closure member is separably attachable to the rotor
body by insertion of the closure member into the
open end of the rotor body.

Afilter assembly according to claim 15 or 16, wherein
the closure member is sealable against the rotor
body by the liner.

Afilter assembly according to any of claims 15 to 17,
wherein the liner comprises a retention member to
facilitate separable attachment of the liner to the clo-
sure member.
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